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Objectives
. The purpose of the present study was to elucidate
the relation between the extent of perfusion of the ischemia-related
coronary artery and the degree of visualization of the collateral
circulation to the iachemie area .
Background.
Because It Is difficult to accurately assess coro-
nary stenosis severity with standard angiographic techniques, the
Inclusion of flow grade in recipient coronary arteries would
provide an additional perspective concerning the effect of the
progression of atherosclerotic obstructive disease on the develop.
ment of collateral circulation .
Methods. The coronary arteriograms of 54 consecutive patients
with chronic effort angina without prior myocardial Infarction
were examined . Patients were classified into four groups accord-
ing to the extent of perfusion of the ischemia-related coronary
Major advances in methods to clinically evaluate coronary
collateral vessels have revealed their significance in terms of
infarct size (1), left ventricular function (2-6), exercise
capacity (7) and prevention of left ventricular aneurysm
formation (8) in patients with obstructive coronary artery
disease . Coronary angiography continues to be the reference
standard by which clinicians base diagnostic and therapeutic
decisions regarding patients with coronary artery disease . At
present, coronary angiography is the most frequently uti-
lized method for assessing coronary collateral vessels (9) .
Many earlier studies (10,11) focused on the relation between
the presence of acquired stenosis of the coronary vascula-
ture and the development of collateral circulation . However,
because it is difficult to accurately assess coronary stenosis
severity with standard angiographie techniques, the inclu-
sion of flow grade (12) in recipient coronary arteries would
provide the angiographer with an additional perspective
concerning the effect of the progression of coronary athero-
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artery (Thrombolysis in Myocardial Infarction [TIMI) grade 0 to
3). The degree of angiographically demonstrable collateral circu-
lation was also classified into four grades (collateral Index 0 to 3) .
Results. Eighteen patients had TIMI grade 0, 6 had grade 1, 13
had grade 2 and 17 had grade 3 perfusion . The collateral indexes
of TIMI 0, 1, 2 and 3 groups were 2 .7 ± 0.7 (mean ± SEM),
2.2* 0.6*,1.2 ± 1 .1* and 0.4 d: 0.9*t, respectively (*p < 0 .01 vs .
TIMI 0, tp < 0.05 vs . TIMI 1) .
Conclusions. These findings indicate that all patients with
chronic effort angina have the potential for collateral development
as a result of coronary artery narrowing, and the functional state
of well developed collateral vessels may be primarily determined
by the pressure gradient across the collateral network.
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sclerotic obstructive disease on the development of collat-
eral circulation .
Recent basic and clinical studies have elucidated the
importance of myocardial ischemia for both the recruitment
(13) ind maturation (14-16) of collateral vessels . In the
presence of well developed collateral vessels, in addition to
myocardial ischemia, the pressure gradient across the col-
lateral network is indispensable for the angiographic visual-
ization of the collateral circulation to the jeopardized myo-
cardium (17) .
The present study was designed to test whether the extent
of collateral circulation is related to the flow grade in the
recipient coronary artery .
Methods
Study patients . The study group was selected from 54
consecutive patients undergoing diagnostic coronary angiog-
raphy for stable effort angina documented by exercise thal-
lium-20l myocardial scintigraphy . Patients with previous
myocardial infarction were excluded . The diagnosis of myo-
cardial infarction was established on the basis of a history of
severe chest pain lasting >30 min and the presence of
abnormal Q waves or ST-T changes indicative of non-Q
wave infarction on the standard 12-lead electrocardiogram
(ECG). Patients who had undergone percutaneous translu-
minal coronary angioplasty or coronary artery bypass graft-
ing, or both, were also excluded .
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Stress thallihm-201 myocardial scintigraphy . Exercise
thallium-201 myocardial scintigraphy was performed in all 54
patients within 1 week before cardiac catheterization . A
dynamic exercise test was conducted with an upright bicycle
ergometer and the following procedures were performed .
After an initial warm-up period of cycling without work load,
the load was set at 25 W and then increased by 25-W
increments every 2 min until further exercise was limited by
chest pain; 2 mCi of thallium-201 was injected at peak
exercise level a.*Rd patients continued a constant level of
exercise for 1 more min . Single-photon emission computed
tomography was composed of a large field of view gamma
camera with an all purpose, parallel-hole collimator, sup-
ported by a gantry in a tunnel configuration (General Electric
Maxi 400 AtT). The imaging was repeated immediately (early
image) and 4 h (delayed image) after the injection to assess
radionuclide redistribution . The ischemia-related coronary
artery was determined to be the artery perfusing the area
where partial or complete redistribution was observed .
Cardiac catheterization. All patients were referred for
conventional diagnostic right and left heart catheterization
together with left ventriculography and selective coronary
angiography to evaluate coronary atherosclerotic lesions and
left ventricular function . They signed consent forms ap-
proved by the university's Ethics Committe •,; . All medica-
tions were withheld for >24 h before the procedure . Cardiac
output was determined by thermodilution technique . Pres-
sures were measured under basal conditions with standard
water-filled catheters . Selective coronary arteriography was
performed by means of the femoral approach with the use of
radiopaque contrast medium . All angiograms were recorded
at 60 framesls on 35-mm Kodak CFS film with a 6-in .
(15.2 cm) Philips image intensifier system . Contrast medium
was injected with enough force and in sufficient quantity to
provide good visualization of the coronary arteries
. Multiple
projections of right and left coronary arteries were routinely
obtained . After left ventricular pressures had returned to
baseline levels, left ventricular cineangiography was per-
formed in a 30° right anterior oblique projection with a 9-in .
(22.9 cm) image intensifier system . Left ventricular opacifi-
cation was achieved by injecting 30 to 40 ml of radiopaque
contrast medium at a rate of 10 to 14 mils . After the study, a
1-cm cross-hatched grid was filmed at the same distance
from the X-ray tube and image intensifier as was the left
ventricular cavity . The diameter of the coronary arteries was
measured with a caliper on adequateiy magnified 35-mm
cineframes at end-diastole . A significant coronary stenosis
was defined as ?75% narrowing of a major coronary artery
branch .
Grading of coronary perfusion. The degree of perfusion
of the ischemia-related coronary artery was graded on a
scale of 0 to 3 :0 = there is no anterograde flow beyond the
point of occlusion. 1 = the contrast material passes beyond
the area of obstruction but "hangs up" and fails to opacify
the entire coronary bed distal to the obstruction for the
duration of the cineangiographic filming sequence . 2 = the
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contrast material passes across the obstruction and opacifies
the coronary bed distal to th:- obstruction . However, the rate
of entry of contrast material into the vessel distal to the
obstruction or its rate of clearance from the distal bed (or
both) is perceptibly slower than its entry into or clearance
from comparable areas (for example, the opposite coronary
artery or the coronary bed proximal to the obstruction) . 3 =
anterograde flow into the bed distal to the obstruction occurs
as promptly as anterograde flow into the bed proximal to the
obstruction, and clearance of contrast material from the
involved bed is as rapid as clearance from an uninvolved bed
in the same vessel or the opposite artery (12).
Grading of coronary collateral filling . Collateral circula-
tion was graded on a scale of 0 to 3 depending on the degree
of opacification of the occluded vessel . The score (collateral
index' was based on the injection that best opacified the
occluded vessel : 0 = none ; I = filling of side branches of the
artery to be perfused by collateral vessels without visualiza-
tion of the epicardial segment ; 2 = partial filling of the
epicardial segment by collateral vessels; and 3 = complete
filling, of the epicardial segment by collateral vessels (17) .
Three observers assessed the coronary cineangiograms in
blinded fashion and reached a consensus regarding the
Thruuibo!ysis in Myocardial Infarction (TIMI) grade and
collateral filling .
Analysis of cineventriculograms . The boundaries of two
left ventricular silhouettes (end-diastole and end-systole)
were traced manually by an observer who was unaware of
the
clinical and coronary angiographic data from each pa-
tient with use of a sonic digitizing device . The end-diastolic
frame was determined by the ECG simultaneously recorded
on the cinefilm as the frame nearest the peak of the R wave .
The frame of the smallest ventricular volume was taken as
the end-systolic frame . The area of the ventricular silhouette
was calculated from the number of pixels surrounded by the
ventricular boundary, and left ventricular volumes were
calculated by a modification of the formula of Kennedy et al .
(18).
Statistical analysis . All values are expressed as mean ±
SEM. Statistical comparisons were performed with the
unpaired Student t test for parametric comparisons, and
multiple comparisons with the Kruskal value test for nonpa-
rametric comparisons of the collateral index and TIMI flow
grade. A p value < 0 .05 was considered significant .
Results
Patient profile . The clinical and angiographic character-
istics of all patients are shown in Table l
. Patients were
divided into four groups according to the extent of perfusion
of the ischemia-related coronary artery
. The duration of
angina pectoris in patients with TIMI grade 0 perfusion
tended to be longer as compared with the other groups (p =
NS)
. There were no detectable differences in the distribution
of the ischemia-related artery among the four groups .
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Table I
. Clinical and Angiographic Characteristics
Unless otherwise indicated, values are expressed as number of patients or
mean value ± SEM
. LAD = left anterior descending coronary artery
; LCx =
left circumflex coronary artery
; RCA = right coronary artery ; TIM]
=
Thrombolysis in Myocardial Infarction (12).
Hemodynamic data. There were no significant differences
in the following variables among the four groups: rest heart
rate, left ventricular end-systolic and end-diastolic pres-
sures, cardiac index determined by the thermodilution
method, left ventricular end-systolic and end-diastolic vol-
ume indexes and left ventricular ejection fraction (Table 2) .
Collatefal Index. All patients in the TIMI 0 and 1 groups
had well developed collateral circulation. Among the 18
patients in the TIMI 0 group, 12 had a grade 3 collateral
index and 6 had a grade 2 index (mean 2 .7 ± 0.7) . Among the
six patients in the TIMI l group, one had a grade 3 collateral
index and the others had a grade 2 index (mean 2 .2 ± 0.6) .
Among the 13 patients in the TIMI 2 group, 5 had well
developed collateral circulation of grade 2 or 3 and the
remaining 8 had poor or no collateral circulation (mean 1 .2 ±
1 .1) . Fourteen of 17 patients in the TIMI 3 group had poor or
no collateral channels . The remaining three patients had a
grade 2 collateral index (mean 0.4 ± 0.9) . The collateral
Table 2. Hentodynamic Data
Perfusion TIM[ Grade of the Ischemia-Related
Values are expressed as mean value ± S
EM. C I = cardiac index ; EF
ejection fraction
; HR = heart rate;
LVEDP = left ventricular end-diastolic
pressure ; LVEDVI
= left ventricular end-diastolic volume index
; LVESVI =
left ventricular end-systolic volume index
; LVPSP = left ventricular peak
systolic pressure
; TIMI - Thrombolysis in Myocardial Infarction
(12).
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Figure 1 . Distribution of collateral index (Cl) in four groups with
Throlnbolysis in Myocardial Infarction (TIMI) 0, 1, 2 and 3 grades of
perfusion of the ischemia-related coronary artery . *p
--
0.01 versus
TIMI 0, tp < 0.05 versus TIMI 1 .
index of the TIMI 0 group was significantly (p < 0.01) higher
than that in the other three groups. The collateral index of
the TIMI I group was significantly (p < 0 .05) higher than that
of the TIMI 3 group (Fig. 1) .
Effects of duration of preceding angina pectoris on tote
TIMI grade and the collateral index. Twenty-seven patients
had a history of effort angina < 15 months . The remaining 27
patients had effort angina > 15 months. There was no statis-
tical difference in the TIMI grade between the two groups
(mean 1.6 ± 1 .1 vs . 1 .5 ± 1 .1, p = NS) (Fig. 2). No statistical
difference was observed between the collateral index of the
two groups (mean 1 .6 ± 1.1 vs. 1 .5 ± 1 .1, p = NS) (Fig . 3) .
Discussion
Our data indicated that in patients with chronic stable
effort angina without prior myocardial infarction, the pres-
ence and development of coronary collateral vessels could
meet the basal need of the jeopardized myocardium for
blood flow . Thus, slowly progressive coronary artery dis-
ease was accompanied by the development of functionally
significant collateral vessels without any evidence of myo-
cardial infarction .
Patient selection . There have been two major limitations
to earlier investigations evaluating the relation of coronary
stenoses to the development of collateral channels . First,
because the presence of viable myocardial tissue is indis-
pensable for collateral vessel formation (19), the extent of
collateral circulation to the nonviable myocardium would be
scarce. Therefore, in the present study, patients with prior
Artery
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Figure 2. Relation of the duration of effort angina to Throtnbolysis
in Myocardial lnfarc~ion (TIMI) flow grade .
myocardial infarction were excluded . Second, there is a poten-
tial limitation in a quantitative assessment of the extent of
coronary stenoses. The degree of perfusion beyond a critical
narrowing of a culprit lesion may more clearly reflect the
hemodynamic milieu of a coronary circulation. Thus, in this
study, not the extent of coronary stenoses but the degree of
perfusion was analyzed in relation to the collateral circulation .
Recruitment of the collateral circulation . The establish-
ment of a pressure gradient across the collateral network is
necessary for the visualization of collateral channels . In-
deed, Rentrop et al . (17) reported that the collateral visual-
ization is significantly augmented by the occlusion of an
ischemia-related coronary artery with an angioplasty balloon
Figure 3
. Relation of the duration of effort angina t, the collateral
index (CI) .
C I
TIMI :3
r
1 .6' 1, 1
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catheter. In this regard, in our patients with TIMI grade 3
perfusion, the absence of angiographically visible collateral
circulation does not reliably reflect the anatomic absence of
collateral vessels . Recent investigations (10,11) have dis-
closed a high incidence of recruitable collateral vessels in
patients with >70% coronary narrowing . Thus, the pressure
gradient between donor and recipient coronary arteries
appears to be an important determinant of the collateral
functional state. .
Duration of angina pectoris. Our data indicated that the
extent of the TIMI grade and the collateral circulation was
not related to the duration of the preceding angina pectoris,
implying that a relatively short period of ischemic stimulus
may be sufficient for the development of collateral vessels .
These findings are in accordance with those in previous
experimental (15) and clinical (7) investigations . In those
studies, a functionally significant collateral circulation was
developed within 2 to 3 weeks .
Conclusions. Our findings indicated that the extent of
collateral filling of the distal segment of the severely ste-
nosed vessel was in inverse proportion to the extent of
anterograde filling of the distal segment of the stenotic or
occluded vessel in patients with chronic effort angina who
had not had a previous myocardial infarction . In this clinical
situation, it is concluded that coronary collateral vessels are
merely markers of the severity of the underlying coronary
artery lesions .
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